Until comparatively recently diabetic coma was looked upon as virtually synonymous with ketoacidosis. This view is no longer tenable. As Pyke (1969) has recently said, 'Diabetic coma is defined here as depression or loss of consciousness due to uncontrolled diabetes whether or not associated with severe ketosis'.
At the present time three main types and one 'mixed' type of diabetic coma are recognised. Their relative frequency, in a consecutive series of 184 cases admitted to the Hotel Dieu in Paris, is shown in Table 1 , based on data of Assan et al. (1969) . It seems very likely that similar results would be obtained in this country but to the best of my knowledge no comparable study has yet been carried out. Pyke (1966) , however, mentioned that of 122 consecutive emergency admissions for diabetic coma to King's College Hospital, 11 % were cases of diabetic coma without ketoacidosis.
Easily the most common variety of diabetic coma is that associated with gross and excessive overproduction of so-called 'ketone bodies' whichbecause they are also strongly acidic-lead to the characteristic syndrome of 'ketoacidosis'. Next most common is the comparatively newly recognised condition, most often referred to as 'hyperosmolar', 'non-ketotic' or 'aketotic' diabetic coma, or 'hyperosmolar hypernatraemic' coma. None of these terms is wholly satisfactory but all serve to emphasise its 49
Before the advent of insulin therapy in 1922, death in coma was the usual outcome of diabetes mellitusoften after only a relatively short and stormy illness. With better medical care, earlier detection before the stage of coma or pre-coma, and improvements in treatment based upon better understanding of the nature, causes and secondary biochemical disturbances that develop, death in diabetic coma is now rare in the best centres. Figures for mortality in diabetic coma as low as 1.5 % have been reported from the famous Joslin Clinic in Boston, U.S.A., but in most places the average mortality rate, even as recently as 1964, was still in the region of 10 % (Nabarro, 1965) . It is still necessary, therefore, to look upon diabetic coma as a grave illness making exacting demands upon clinical biochemistry services and requiring the highest standards of medical and nursing skill.
fundamental difference from the more usual type of diabetic coma, namely absence of ketoacidosis.
The third variety of diabetic coma is that in which, despite the presence of profound metabolic acidosis, there is comparatively little ketosis. Instead there is a gross excess of lactic acid in the blood.
Lactic acidosis
Lactic acidosis was first recognised as recently as 1961; generally, but not invariably, occurring as a complication of tissue anoxia secondary to respiratory or peripheral circulatory failure (Huckabee, 1961) . Subsequently, cases of lactic acidosis were reported among diabetics treated (Tranquada et al., 1963) with the oral hypoglycaemic agent, the biguanide 'phenformin', and more recently in untreated diabetics (Livesley and Neary, 1968; Watkins et al., 1969) . The hallmark oflactic acidosis is not so much the enormous increase in lactic acid in the blood, as its disproportionate increase relative to pyruvic acid. Normally, and even under conditions in which large amounts of lactic acid are liberated into the blood-such as during strenuous exercise-the lactic acid/pyruvic acid ratio in blood is between 6 and 10. In 'lactic acidosis' this ratio rises, reflecting an intracellular as well as extracellular acidosis.
Lactic acidosis should be suspected whenever the sum of the sodium and potassium concentrations in the plasma exceeds the sum of the chloride and bicarbonate concentrations by more than 16 mmol/l and the difference cannot be explained by the accumulation of 'ketones' or other anions. The diagnosis can be confirmed comparatively simply and quickly by direct measurement of lactic acid in the blood, using an enzymatic technique.
The importance of distinguishing lactic acidosis from ketoacidosis lies in the very high mortality associated with lactic acidosis and the need for vigorous treatment. But even more important is the absolute necessity for administration of really large amounts of sodium bicarbonate. The dangers of trying to treat this type of acidosis with sodium lactate are obvious, and for this reason, if for no other, lactate solutions should not be used in treating acidosis whenever any remote possibility exists that lactic acid may be a contributory factor.
In a small percentage of cases, which is possibly larger than indicated in Table 1 , ketoacidosis and lactic acidosis coexist, and ketoacidosis may be replaced by lactic acidosis during treatment of diabetic coma (Watkins et al., 1969) .
Ketoacidosis
Most patients with this condition are young-that is under 30 years of age-and have been under treatment for diabetes for some time, although older patients are by no means exempt and in some series predominate (Pyke, 1969) . In the majority, coma or precoma develops due to accidental or deliberate omission or reduction of insulin; the onset of vomiting from any cause; infection or, in about 10% of cases, from undiagnosed diabetes. In the past, many authors stressed the importance of 'psychological factors' in the aetiology of diabetic ketosis. A rational explanation for this association now exists and will be discussed later in this paper.
The initial immediate cause of diabetic ketoacidosis is insulin lack, either absolute or-in rare cases-relative to body requirements. From this single deficit a chain of events (depicted diagrammatically and over-simplified in Fig. 1 ) develops and which, unless arrested, leads eventually to the full syndrome ofketoacidotic diabetic coma characterised by extreme thirst and polyuria, profound dehydration, hypotension, rapid, deep and laboured respiration, the appearance of a characteristic smell of acetone on the breath and impaired consciousness.
It is customary to look upon ketoacidosis as principally a disorder of glucose metabolism but, for the purpose of discussion and to be provocative, I want in this paper to represent it as basically a defect in fat metabolism consequent upon a deficiency of insulin activity in adipose tissue. This approach, if serving no other purpose, emphasises the inextricable interdependence of glucose and fat metabolism in vivo.
The events depicted on the left hand side of Fig. 1 indicate that lack of insulin leads to increased mobilisation of fatty acids from adipose tissue. This in turn leads (1) to overproduction of ketone bodies in the liver, and (2) through the glucose fatty-acid cycle (Randle et aI., 1963) to impairment of glucose uptake by the peripheral tissues and increased liberation of glucose from the liver. These two actions compound the rise in blood glucose resulting from the lack of insulin inhibition of hepatic glucose release and decreased glucose uptake by insulindependent tissues. Hyperglycaernia is the cause of the osmotic diuresis that produces the polyuria that results in increased thirst. It is, however, the ketoacidosis that is (at least in part) responsible for the loss of cations-particularly sodium and potassium-which themselves contribute to the state of hypovolaemic shock and which, by a mechanism involving the sympathetic nervous system, exacerbates the ketonaemia (Porte, 1969) . It seems likely, furthermore, that it is the ketonaemia and its associated acidosis which is largely responsible for the impairment of consciousness, though intracellular dehydration undoubtedly plays a contributory role; as do diminution in blood pressure and cardiac output secondary to hypovolaemia. These latter are, of course, also responsible for diminished renal function, which leads both to increased accumulation of glucose and ketones in the blood-as they are no longer effectively 'cleared'-and eventually, to azotaemia.
Aim 0/ treatment ill Ketoacidosis
The main aim of treatment in ketoacidotic diabetic coma is summarised in Table 2.   Table 2 . Aim of treatment in ketoacidosis (I) Replace lost extracellular and intracellular fluid (2)
Reduce acidaemia by (a) reducing lipolysis (b) adding fixed base
Lower blood glucoseconcentration
Fluid. Replacement of lost extracellular and intracellular fluid is essential. This must be instituted immediately, for only in this way can hypovolaemia and all its accompaniments-including the enormous sympathetic nervous drive that hastens lipolysis-be counteracted. The importance of using intravenous saline for this purpose-at least initially-has long been recognised on clinical grounds. Recently it has been put on a scientific basis by Porte (1969) , who showed, in insulinoprivic diabetic volunteers withdrawn from insulin for 48 hours, that those who were permitted to drink as much water, saline or potassium chloride solution as they could tolerate, nevertheless became dehydrated, and developed ketosis and acidaemia, whereas those who were maintained in electrolyte and fluid balance by more vigorous intravenous replacement therapy, showed little 51 tendency to develop these complications. In fact they remained well hydrated and as a resultaccording to Porte (1969) ---did not become either ketotic or acidaemic. It is important to note that in ketoacidotic diabetic coma there is usually a much greater overall deficit in water than in electrolytesthough not to so great a degree as in the non-ketotic variety. This tendency to hyperosmolality must be taken into account in the overall treatment picture and most authors recommend the use of slightly hypotonic solutions--or solutions made isotonic by addition of the readily metabolised sugar fructoseonce the immediate hypovolaemic dehydration has been overcome (Bondy, 1969) . A further advantage of fructose is that-unlike glucose (Wieland, 1968) it inhibits ketogenesis by direct action on the liver.
Reduction 0/ acidaemia. The second important aim in treatment of ketoacidosis is reduction of acidosis and ketonaemia. Addis and his colleagues (1964) feel that a blood pH of less than 7.2 is dangerously low and should be corrected as rapidly as possible. The quickest way to reduce acidaemiaitself a barrier to glucose utilisation in peripheral tissues-is to infuse sodium bicarbonate solutions. Until comparatively recently these were not available in a form suitable for intravenous use and sodium lactate was used instead. This, as we have already seen, may be useless or frankly harmful in patients with any tendency to lactic acidosis and should no longer be used.
The amount of bicarbonate needed in any individual patient is difficult to forecast on purely clinical grounds. If purely empirical formulae are used, quantities of up to 900 mmol of bicarbonate would have to be used in some cases, though most authors would consider this grossly excessive and potentially, if not actually, dangerous. Perhaps the best guide, as suggested by Addis et al. (1964) , is arterial pH which should be restored to a value of 7.2 as quickly as possible. This pH corresponds with the highest at which Kussmaul respiration occurs.
If there is any doubt, it is better to err on the side of too little rather than too much alkali-firstly because acidosis is better tolerated than alkalosis and, secondly, because with effective treatment, the cause of the acidaemia is eliminated. This is achieved by reducing adipose tissue lipolysis and consequently ketogenesis.
Insulin is the best known and physiologically most important antilipolytic agent, and its immediate administration as soon as a diagnosis of diabetic coma is made (and substantiated!) is obligatory. Insulin causes a prompt fall in the plasma nonesterified fatty acid (NEFA) levels which are invariably grossly elevated in ketoacidosis. The drop Pyke, 1969) very useful guide is provided by the plasma acetoacetic acid titre determined by means of acetest tablets. The introduction by Williamson et al. (1962) of an enzymatic technique and, even more recently, of a simple straight-forward colorimetric method for use on the AutoAnalyzer by Salway (J 969), puts measurement of blood ketone levels within the reach of every clinical biochemistry laboratory.
As Table 3 , adapted from Pyke (1969) demonstrates, plasma total ketones show much greater differences between normal subjects and diabetics, of varying severity, than do blood glucose measurements.
While it is true that diabetes is far from being the only cause of ketosis, for all practical purposes it is the only condition in which hyperglycaemia and hyperketonaemia co-exist; and the only oneexcept possibly in sick children-in which the ketosis is ever severe enough to produce symptomatic acidaemia.
Hyperosmolar diabetic coma
The most obvious difference between hyperosmolar and ketoacidotic diabetic coma-and the one upon which classification depends-is the absence of ketosis, or perhaps more properly of severe ketosis, in the former condition. Nevertheless, even in hyperosmolar diabetic coma there is often a mild increase in plasma ketones up to 1 mmol per litre (Pyke, 1969) .
Patients tend to be older; not to have been previously recognised as suffering from diabetes; to be more severely dehydrated and to have an even greater increase in plasma osmolality than patients with ketoacidosis. Not surprisingly, patients in whom plasma osmolality exceeds 400 milliosmoles per litre have a higher mortality than those in whom plasma osmolality is between 300 and 400 milliosmoles per litre. The serum sodium level is usually, though not invariably, over 145 nmol/I and the blood glucose over 1,000 mg per 100 ml (Assan et al., 1969; Pyke et al., 1969) . Plasma bicarbonate levels, blood pH and PCG. are usually normal or only slightly reduced. Although less insulin is required to lower the 63 350 1300 3800 10000 (fLmo1jlitre)
Normal controls 'Ordinary' diabetics 'Ketotic' diabetics -mild -marked -comatose in NEFA levels is, however, not as quick as the extreme sensitivity to insulin of normal adipose tissue and short half-life of NEFA in blood would lead one to expect. Nevertheless, the fall in NEFA during treatment of ketoacidotic coma is proportionately greater and precedes the fall in blood glucose for which it is at least in part responsible. An interesting, and potentially important, therapeutic approach to this problem of reducing adipose tissue lipolysis in diabetic coma, is the use of nicotinic acid. For the last ten years or so it has been known that when used pharmacologically instead of as a vitamin, this substance is a powerful inhibitor of lipolysis, both in vivo and in vitro. It has also been known that in acute experiments, both in man and in animals, nicotinic acid reduces ketogenesis and lowers the blood glucose concentration-even in the complete absence of insulin. Nicotinic acid is, moreover, extremely effective in inhibiting hormoneinduced and, more specifically, adrenaline-induced lipolysis, and is probably even more effective than insulin in this respect.
Porte (I969) has shown in a severely diabetic subject, not treated with insulin, that nicotinic acid in large doses (i.e. in the order of 10 g per day) caused a dramatic fall in plasma NEFA and ketones, and a rise in plasma bicarbonate levels and reduction in blood glucose. Clinically, the stigmata of ketoacidosis improved but appearance of gastrointestinal side effects led to cessation of nicotinic acid therapy after 36 hours. Recently, in Paris, Assan (1970) has used nicotinic acid, with considerable success, as an adjunct to treatment of ketoacidotic coma with insulin. An advantage of nicotinic acid is that even in gross overdosage it does not cause hypoglycaernia.
Reduction of hyperglycaemia. The problem of lowering the blood glucose concentration in ketoacidosis has been left until last because, although hyperglycaemia is the hallmark-indeed the sine qua non of the diabetic coma-it is in itself comparatively harmless. Hyperglycaemia of the degree usually encountered in diabetic ketoacidosis exerts its harmful effects through its ability to produce an osmotic diuresis; and rarely-under special circumstances that will be discussed briefly later-through its ability to raise plasma osmolality to an inordinately high level. The prominence given to monitoring glucose in the management of diabetic coma probably owes as much to the ready availability of blood glucose measurements as to their usefulness. Williams (1968) has said with regard to management of diabetic coma that 'Properly measured the blood ketone values are better guides than the blood glucose values but both are helpful'.
Until comparatively recently blood ketones were difficult to measure accurately, though a rough but blood glucose than in ketoacidosis, this variety of diabetic coma carries a much higher mortality rate. In this country, and in South Africa, hyperosmolar non-ketotic diabetic coma has a marked predilection for non-Caucasians,
The clinical significance of the condition lies firstly in the recognition that a patient may be in 'diabetic coma' without ketosis, and secondly that treatment -even more than in ketoacidosis-depends upon rapid rehydration with hypotonic solutions. Halfstrength saline has been used to great effect (Jackson, 1969) . Normal saline, or 5~{, dextrose, may have a catastrophic effect because water differentially enters the cells leading to even greater plasma hyperosrnolality than before treatment.
The immediate cause of hyperosmolar diabetic coma is unknown: overindulgence in glucosecontaining drinks by a mild diabetic; inability to mobilise fat; retention of some degree of insulin secretion have all been suggested-but none of these theories fits all the facts (Jackson, 1969) .
Even the immediate cause of the more usual type of ketoacidotic coma is open to question. Psychological factors--especially anxiety and nervousnesshave long been considered, purely on clinical grounds, to be important-as are all stressful situations. Porte (1969) has recently suggested that one unifying hypothesis giving a central role to the autonomic nervous system would explain many of the hitherto inexplicable observations. According to Porte (1969) , activation of the sympathetic nervous system (for whatever reasons) would have the effect (a) of inhibiting endogenous insulin release in those diabetics (i.e, so-called 'maturity-onset' diabetics) in whom this was still an important factor in glucose homeostasis; (b) by encouraging lipolysis in adipose tissue, of mobilising free fatty acids and thereby (c) encouraging (i) ketone formation and (ii) gluconeogenesis in the liver, and (d) inhibiting glucose uptake by striatal muscle. The hyperglycaernia and hyperketonaemia thus produced serve to perpetuate and augment the original stress, thus creating a vicious circle. This hypothesis provides the basis for a new approach to treatment of diabetic coma by reducing sympathetic nervous activity.
Management of diabetic coma
I have deliberately refrained in this paper from giving any details about the management of either main type of diabetic coma, especially as regards the amount of water and electrolyte requirements as these vary so enormously that each case must be judged on the physical and biochemical findings, both on admission and subsequently (Nabarro, 1965; Jackson, 1969) .
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Replacement therapy based solely on 'rules of thumb' will be excessive for some patients and hopelessly inadequate for others. Constant biochemical monitoring of the most important parameters, including plasma sodium, potassium, bicarbonate, glucose and ketone levels, is clearly essential; arterial blood pH should be measured too.
Constant E.C.O. monitoring of the heart for changes due to fluctuations in plasma potassium is both feasible and highly desirable.
Summary
Diabetic coma remains-as it has always beenan area where clinical biochemistry comes right to the fore in regulating the treatment of a seriously ill patient. Round the clock vigilance is essential because intervals of as short as four hours may be sufficient to see potentially fatal hyperkalaemia converted to hypokalaemia-or hyperglycaemia to hypoglycaemia. We are perhaps not too far removed from the time when continuous biochemical monitoring by continuous flow analyzers will be commonplace in the management of patients with this dangerous condition.
